The purpose of this study was comparing three methods of coating, including DC electroplating, pulse electroplating and the electroplasma methods for coating of nickel compounds on pieces carved from high carbon steel material (Ck60). Resistance of the coatings to abrasion was assessed with the criterion of proportion of weight reduction due to abrasion in the farm of operations. The coating made by DC electroplating, improved abrasion resistance in the samples by 30.41%. The coatings made by pulse electroplating on the pieces could improve abrasion resistance relative to raw samples by 55.83%. In the electroplasma method, by formation of coatings that had complex compositions, resistance to abrasion increased up to 90% relative to raw samples. It is noteworthy that such resistance to abrasion was in samples with the 480 HV and average grain size of 38 nanometers. The less the average sizes of grains of nickel Nano-coatings of the structure, the more the hardness and, consequently, the more wear resistance.
consumption of fuel and energy in the tillage operation. To prevent and reduce wear in their manufacture, methods like surface hardening and plating have been used. Tillage tools should be hard and tough and these two features could not be found in steels at the same time. These opposing properties make difficulties in terms of engineering and designing [1] .
Wear is the most important limiting factor of life and performance of cutting tools and other tillage tools. The tillage blades are exposed to severe wear because of cutting the soil and separating it from the ground in an intact way compared with other agricultural tools. Wear of tillage tools is a kind of roaring wear. Roaring wear mechanism is created in contact with each other in the presence of hard particles on one or both surfaces. The hard roughness of the surface can also be the cause of this type of wear [2] . The wear depends on many parameters such as geometry, strength and surface properties. Water can be an important factor in this regard. Increased humidity can increase the wear resistance of the nanostructured materials [3] .
Hardness and wear resistance are two important properties of objects that are used in a wear environment. By definition, hardness of a material and its resistance to plastic deformation is localized and has a direct relationship with wear resistance. Nickel electroplating is based on using a nickel anode and applying a direct current to the anode and cathode in an aqueous environment containing nickel ions. Passing a direct current causes anode electrode dissolution in the electrolyte and nickel is coated on the cathode. It has been proved that stiffness can be increased by fine grain size materials, without reducing the flexibility of the material. In nickel nanostructured coatings which have an average grain size of about 100 nm and produced by electroplating method, wear resistance is about 100 to 170 times than nickel coatings with the average grain size of about 100 micrometers. The coefficient of friction of these coatings is about 40 to 50 percent less than conventional nickel coatings [4] .
Size and shape of grains in a coating have large effects on the mechanical properties such as hardness. The smaller the grain size of a coating, the friction coefficient will be less. These differences are due to the changing in wear mechanism by changes in the grains size. Wear resistance of a conventional nickel coating is low. However, nickel nanostructured coatings have high resistance against wear. There is a relationship between the shape, grain size of coating and mechanical and physical properties of coating with the conditions of plating that awareness of this relationship makes nano-nickel coating replacement with chromium coating affordable [5] .
Pulse plating is a simple, inexpensive and new method to produce a nanostructured electrodeposited coating. The differences between these methods and conventional electroplating is on how to apply current. A direct current is applied continuously and uniformly in electroplating, but the current is applied in the form of pulses in plating. In 1979, Moore [6] investigated the roaring wear resistance on the surface coatings and finally found several results:
The wear rate achieved in a particular soil, may differ from the wear rates of soils with different amounts of stones and different physical properties.
II.
The resistance against roaring wear depends on the properties and microstructure of materials such as size, hardness, amount of carbon and chemical composition.
III.
The resistance against roaring wear on the coated surface may be influenced by coating techniques [6] .
Owsiak [7] compared four steal samples in terms of wear rate in the agricultural soils and found that the effects of roaring wear significantly reduce by increasing the amount of carbon in steel and decreasing the length of the blade has a linear relationship with mileage, wear the sharp edges of the blade has a linear relationship with mileage, and wear the sharp edge of blade depends on the mileage, distance from the tip of the blade and soil type. Yilmaz [8] studied the relationship between abrasive wear and erosive wear and AISI 1050 steel surface hardening methods.
Conclusion of this experiment was as follows:
1) When the layers of ceramic like surface was brittle on the surface of the sample and when the sample was exposed to abrasive wear, because of the contact of particles with each other, tiny cracks have been created on it, which would increase the amount of wear. This has been observed on the samples under the thermochemical treatment, such as denitrification.
2) Composite coatings often increased wear resistance. In the case of flame spraying process loss of weight has been reported about 59 and 61 percent, respectively. Also, wear resistance increased about 36/3 percent by adding about 35 percent of powder coating on the objects in the same way. This study examined and compared the effect of nickel nano-structured coatings on reducing wear blade tillage by DC, pulse and electro plasma plating.
Materials and Methods

Sample preparation
To prepare samples for wear testing, initially raw materials were used as Circular wires with 53 mm thickness of steel Ck-60 after quanto meter analysis ( Table 1 ). The size and shape of samples were disk as shown in Figure 1 . Treatments one to six were plated using DC method and the seventh treatment was plated using pulse currents.
Thus, a total of 16 coated samples were tested with an uncoated control sample. Selecting treatments were performed significantly considering two levels of saccharin: 5 grams per liter and 10 grams per liter in the watts bath [5] . Samples were polished with 600, 1200 and 2000 sandpaper respectively, and finally with alumina powder.
Until, relatively smooth and glossy surface was obtained. After polishing, the samples were coated by DC current plating and pulse plating method (square wave DC current) and a number of electroplasma methods.
DC plating method
The apparatus for nickel electroplating is shown in Figure 3 . The bath composition and electrode position conditions are shown in Table 2 . Samples coated from the bath with the composition of 
Pulse plating method
The placement of the sample in a solution was similar to the previous method as shown in Figure 3 . The only difference was the source of pulse supply. A computer with special programming and connection-oriented network were used. A special computer program provided the possibility of on and off times of the current with a square wave. Samples were coated by pulse plating according to Table 3 . Saccharin is necessary to use in order to determine the optimum conditions for the production of nanostructured nickel coatings as small as possible. In this study, different concentrations of saccharin and current densities were used. A low time interval (2.5 ms) of current application (t on ) for high current density [2 A/cm 2 ] and A higher time interval of current application (5 ms) for low current densities (0/3 A/cm 2 ) were used. The opposite of above situation could be true for lack of applying current (t off ). During the plating in every 30 minutes, bath PH was controlled. If necessary, by adding 10 percent sulfuric acid solution was returned to the original range.
Since the bursting of bubbles of revived hydrogen on the cathode surface, cavities were formed on the surface of the coated sample. To avoid this problem, SNAP compound with the concentration of 0.15 was used in the bath. This combination causes the hydrogen bubbles bath to be separated with a mild stirring of the cathode during plating [5] .
According to the size and type of sample, the best conditions of on and off of current was 5 ms and 95 ms, in about 105 minutes, the bath contained 10 g. e -1 saccarine. For this reason, coated samples were excluded from the comparison with other treatments in terms of current and change in the concentration of saccharin [9] .
Eletro-plasma method
In this way, a coating was formed on the surface of the objects as a diffusion layer. The source of the supply was two models, the first source of power supply with a maximum current of 100 mA and a voltage of 380 volts that is suitable for coating small objects. The second source of power supply with a maximum current of 100 mA and a voltage of 1000 volts that is for coating large objects. After coating and assessing hardness, the results obtained in Table 5 . 
Determining the size of grains by XRD method
Determining the size of grains by XRD method was done by using Bruker D8 advance diffractometer device and analyzing in scan speed of 5 0 /min, and radiation of Cu.Ka. X`Pert software was used to analyze the XRD spectra.
The following equation was used to determine the size of grains. The first part represents the micro-lattice strain at the height of segregation and the second object represents the grain size at the width of the diffraction peak. 
Journal of Nanotechnology Research 66
In this equation, W f is complete width of half maximum equals FWHM, ζ equals micro-lattice strain, D equals the average size of grains, λ equals the wavelength of the applied radiation and θ is the returned angle. If the Cos θ is multiplied on both sides of the equation (1), then it can be represented as follows:
cos θ = 2 ζ sin θ + 0.9 λ / D
By drawing the values of Cosθ Wf based on Sinθ, a straight line can be obtained that its slope is twice the amount of micro-strain and width is equal to a multiple of the average grain size. Samples were installed on the plow blade by electric welding. Since the amount of weight reduction of samples during tillage is the index of wear in this study, as Figure 4 shows a crown on the blades was used to avoid making errors during installing samples till welding points would be done on them and by separating the crown of samples for secondary weighting, do not face with losing or gaining weight arising from the remnants of welding electrodes on the samples. To remove the effects of slope on any blade, the placement of samples have changed as Figure 5 . The shapes of L, P, E, S denote the treated samples plated with a DC, pulse and electro-plasma and control methods. Table 6 [10].
Depth (cm)
The amount of quartz 15 to 50 10 to 20 
Results and Discussion
In Table 8 , the average hardness of each sample is given in terms of Vickers, show the effect of the indenter on the hardness levels of the samples. Figure 6 shows the treatments hardness average value comparison, according to Vickers by Duncan test. 
Sample code
Results of samples wearness in the field experiment
The weight loss results are shown in Table 9 . Percent of Relative wear resistance determined by reverse of losing weight of each sample is multiplied by the percentage. Figure 7 shows the comparison of relative wear resistance by Duncan's method. Due to the hardness (Table 8 ) and the amount of wear (Table 9 ) it was observed that the relationship between hardness and wear is an inverse relationship, as the hardness increased, the amount of wear was also reduced. This is shown in Figure 8 as a comparison chart. Figure 9 shows the SEM1 image (SEM) of treatment coating No. 7 and Figure 10 shows the SEM image of treatment coating No. 8, before carrying out wear tests. By comparing the two images, it can be seen that the morphology of the special coating from the electro-plasma methods is so that typically the average grain size and the effect of different coatings cannot be determined with this method. Figures 11 to 13 shows the XRD spectra, which were analyzed by X`Pert software. These spectra include information such as substances on the surface, micro-lattice coating, seed size and other data that some of them are shown in Table 10 . The medium grain size and micro-lattice coating of treatment (7) . Control samples showed the lowest wear resistance, that is the highest level of wear and the lowest level of hardness was related to these samples. In the case of uncoated samples, a wear test was carried out separately, the results showed that without mechanical polishing, the uncoated sample had more wear resistance, it can be concluded that mechanical polishing to make the surface of the sample smooth, reduces the interaction with hard particles in the soil and finally has low weight loss.
The results of SEM and XRD investigation
PCD-Pulse Current Density; SC-Saccharin Concentration; D-Average Grain Size
Treatments 1 to 6 (samples coated by DC plating) also had differences in terms of the nature of the additives in the solution relative to each other. Generally, they didn't have significant differences in terms of hardness and wear resistance according to Duncan test. But among this group, the samples which were coated in a percent saccharin solution showed better wear resistance, and this was consistent with the results of Najafi [5] . Adding silica to the solution in treatments 5 and 6 rather than treatments 1 and 2 reduced the hardness and wear resistance, this can be due to uniform corrosion of the coating and making a coating containing an inorganic salts. In treatments 3 and 4, wear resistance was increased by adding silicon carbide to the solution. It was partly because of the nature of silicon carbide and on the other hand, coating structure was formed as a sheet. Treatment (7) which was coated by pulse plating method showed better wear resistance and hardness compared with samples coated by DC plating method. In this treatment, increasing hardness can be due to more uniform coating and substantially making small grain size compared to the DC plating. However, the expected hardness was not achieved as was expected according to the Najafi [5] that one should achieve 700 Vickers hardness instead of 480
Vickers. The major difference in these two studies were the base metal. Najafi used copper as a base metal in their investigation that is one of the best coating metals. In this study, steel Ck60 was used as the base metal that the presence of chromium compounds created on the surface during plating operations avoided a proper coating of sample and the expected values for the hardness were not achieved.
Since the coated samples did not meet expectations by pulse plating method, electro-plasma method was used for coating the samples. The results were acceptable in terms of wear resistance and hardness of the coatings for using them in a tillage blade. The treatment (8) of this group had the highest level of hardness and in some cases even reached 1000 Vickers of hardness. As XRD analysis of samples showed complex compounds, resistant to wear, on the surface of the coatings. They are considered as intrusive coating group and operations electro-plasma at temperatures over 2000°C and cooling the sample after that was considered as heat treatment. Also, formation of Martensite hard phase in the samples is a good reason to reach such a hardness and resistance to wear. 
ID
Conclusions
The final results can be noted as follows:
1) Coating reduces the wear of objects, but different methods of coating create different wear resistance.
2) Nickel Nano-structured coatings produced by pulse plating could increase the wear resistance.
3) As the average grain size in the coating of nickel nano-structured decreases, wear resistance and hardness increase. The average grain size should be lower than 20 nm to reach a hardness over than 700 Vickers.
However, the average grain size of less than 38 nm was not found in the present study. This failure was because of the base metal and generating chromium compounds on the surface of objects. 
